Abstract-We demonstrate numerically the existence and dynamical properties of rotating full Poincaré beams (RFP) generated spontaneously or by injection in an isotropic laser which contains no selective elements except circular diaphragm that controls the Fresnel number of the cavity. For moderate Fresnel numbers, we found different kinds of RFP beams each having axially symmetric intensity profiles and distinct structures of polarization topological defects (points of circular polarization and lines of linear polarization).
I. INTRODUCTION
Vector beams with transversely inhomogeneous polarization structures, also known as Poincaré beams, have recently drawn much attention due to their unusual properties which are attractive for potential applications. Well known examples of such beams are cylindrical vector beams [1] , which can be focused tighter than comparable scalar beams with fixed polarization. The state of linear polarization for the cylindrical beams changes azimuthally or radially and the projection points of the Stokes parameters span the equator of the Poincaré sphere. If state of polarization depends on both azimuthal and radial coordinates so that the Stokes parameters projections cover entire Poincaré sphere, then all possible polarization states are present on the beam cross section. Such vector beams, known as full Poincaré beams [2] , carry angular momenta and they can be used for manipulation of submicron particles [3] . Poincaré beams are usually created by collinear superposition of two orthogonally polarized Laguerre-Gauss modes in a polarization interferometer [4] . Another approach is based on the use of anisotropic elements such as axial birefringent component or axial dichroic component placed inside the laser cavity in order to force the lasing in azimuthally or radially polarized modes [1] .
We demonstrate here numerically the existence and dynamical properties of rotating full Poincaré (RFP) beams generated spontaneously or by injection in an isotropic laser which contains no selective elements except circular diaphragm which is used for changing the Fresnel number of the cavity.
II. VECTOR LASER MODEL
We consider a single-frequency laser with a polarizationisotropic cavity composed of two plane parallel mirrors. The relaxation times for the population inversion and polarization of the gain medium (transverse relaxation) are assumed to be negligibly small compared with lifetime of the intracavity light field relaxation (the class-A laser). we use the following system of extended Ginsburg-Landau equations: of the optical field via effect of crosssaturation of the gain medium. The gain medium is spatially homogeneous and isotropic and for the sake of simplicity we assume that its coefficients of self-saturation and crosssaturation equal to each other.
To find spatially homogeneous and steady-state solutions of (2) we set the temporal and spatial derivatives equal to zero. Then we obtain the equation for the total intracavity light intensity. When the laser is switched on the polarization state of its emission can take any value since the normalized amplitudes of the orthogonal polarization components 
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) and the phase difference between of the orthogonal polarization components can take any value since (2) is invariant under phase shift. 
III. NUMERICS
In order to calculate the intensity, phase and polarization structures of the laser field, (2) was integrated numerically via a split-step Fourier method. Boundary conditions were defined on the edge of the circular diaphragm that was modeled by in the form of a super Gaussian function. Initial conditions were specified as random noise or injection seeding which were applied to (2) to trigger formation of the laser field structures. Parameters of the injected field components (linear/circular, Gaussian/vortex, amplitude, phase and width) were changed for each case.
Numerical analysis of (2) shows that there is a range of the diaphragm widths, corresponding to moderate Fresnel numbers, where regular RFP beam structures exist which have axially symmetric distribution of the total intensity and nonuniform distribution of polarization states. Note that for large cavity Fresnel numbers laser field structure is irregular containing polarization topological defects [5] .
We found different types of RFP beam structures (Figs 1-5 ) depending on the laser cavity Fresnel number and on the initial conditions. They are composite structures of mutually trapped orthogonally polarized spatial components which are partially overlapped in transverse directions (Fig.3) . At least one of the components carries a vorticity so that distribution of total polarization states cavers entire Poincaré sphere as it takes place in the known full Poincaré beams [2] . However, a fundamental difference from the known full Poincaré beams is that the orthogonally polarized transverse components are formed inside the laser cavity. That is why frequencies of the components differ from each other and their beating leads to the rotation of the total polarization structures with a constant angular velocity. Fig. 1 and Fig. 2 show RFP beam structures, which are superposition of two Laguerre-Gaussian modes of different orders. The type 1 structure is composed of orthogonally polarized TEM 01* mode (the first order azimuthal mode) and TEM 00 mode (the fundamental mode). Whereas the type 2 structure is composed of the TEM 01* mode and TEM 10 mode (the first order radial mode). Binding of the Laguerre-Gaussian modes leads to the modification of their characteristics. That is why the polarization structure of the beam and the phase of the vortex component are rotating in opposite directions for the type 2 RFP beam (see Fig. 2 ). As can be seen in Fig. 4 and Each RFP beam has distinct polarization structures with rotating polarization defects: points of right-handed circular polarization (C+ points), points of left-handed circular polarization (C-points) and lines of linear polarization (Llines).
IV. CONCLUSSIONS
We show numerically the existence of rotating full Poincaré beams with axially symmetric total intensity profiles generated in an isotropic laser with moderate Fresnel number. They are composite structures of mutually trapped orthogonally polarized transverse modes which overlap partially in transverse directions and have different frequencies.
